Mutations occurring in X-Linked retinitis pigmentosa (RP2) gene causes retinal damage, ultimately leading to vision loss. Owing to the complications of the disease, there is no effective treatment till date. In the present study, we have refined the crystal structure of RP2 using protein preparation wizard of Glide software. Active site of the protein was predicted with SiteMap program. Five anthocyanin compounds from Syzygium cumini fruit peel were docked into the active site of RP2. Molecular docking calculations were performed by employing Glide XP algorithm. Cyanidin 3,5 diglucoside with lowest Gscore (-12.6 kcal/mol) was rescored subsequently with Prime-MMGBSA binding free energy calculations. Binding affinity (-93.6 kcal/mol) of the inhibitor suggests its potential use in the treatment of retinitis pigmentosa.
Introduction
Vision loss due to age related macular degeneration is common worldwide. Retinitis pigmentosa (RP) is grouped under the inherited diseases category affecting people of age group 20-60. Photoreceptor (rods) layer of the retina is damaged resulting in gradual decrease in vision leading to complete blindness. Appearance of black spots in the retina, loss of peripheral vision (Rundquist, 2004) are few prominent signs of the disease. Two million people are affected (Berson et al., 2012) by RP around the globe. It has been estimated that one in 930 persons and one in 1000 people (Carmen and Jose, 2010) have severe visual impairment caused by RP. Being an inherited disease, RP is autosomally dominant, recessive and X-linked (Inglehearn, 1998) . Several genes are involved in causing retinal degenration, making the RP more complicated. The symptoms differ among the patients.
The X-linked recessive pattern is considered the most serious form of RP. The gene encoding RP, termed RP2 (TBCCD2) is localized in the cytoplasm of the cell membrane. Mutations occurring in X-linked RP2 (Hardcastle et al., 1999) is responsible for the progressive vision loss mostly in males (recessive) and sometimes equally affecting both the sexes (dominant). To this date no effective treatment is available for the disease condition. RP2 could be a possible potential drug target (Veltel and Wittinghofer, 2009 ) for treating RP. Use of valproic acid as drug for RP is limited owing to the side effects (Bhalla et al., 2013) . Few studies have suggested the use of Vitamin A supplements (Li et al., 1998) , and omega-3 fatty acids to slow down the progression of the disease. Nature provides abundant sources for developing herbal drug leads. The secondary metabolites produced in plants are termed as "bioactive compounds" owing to their pharmacological effects. Past few years there has been a resurgence of interest in characterization of these compounds. Different parts of various plants have been studied extensively for their therapeutic applications. Tannins, glycosides, saponins, flavonoids, sequetrepenoids, phytosterols, lignans, alkaloids, proteins and peptides are a broad range of compounds harboured in medicinal plants. These compounds of natural origin that include plants, microbes, and animals form the base for drug discovery (Ji et al., 2009 ).
Among the bioactive compounds, phenolics are important due to their high anti-oxidant activity. Anthocyanins, belonging to the group of flavonoids, have been reported to exert positive effects on human health (Wrolstad, 2004; Adisakwattana et al., 2011) . Many fruits and vegetables rich in anthocyanins are used in combating chronic diseases such as cancer, cardiovascular diseases (Wang and stoner, 2008; Wallace, 2011) . Berries from Vaccinium myrtillus are beneficial in enhancing vision (Matsumoto et al., 2001) which is attributed to the significant anti-oxidant potential of the anthocyanins (Ghosh and Konishi, 2007) . In silico approaches are widely used to identify the lead molecules for several disorders. In this context, we proposed the efficacy of anthocyanins isolated from Syzygium cumini fruit peel as potential inhibitors for Best's disease (Priya et al., 2012) . Therefore in the present study we performed docking studies for the RP2 protein, a potential drug target, using the three anthocyanin compounds we previously identified (cyanidin, malvidin, petunidin). Additionally, two other anthocyanins (peonidin, delphinidin) and valproic acid were docked with the target for purpose of standardization.
Materials and Methods

Structure retrieval
The crystal structure of the human retinitis pigmentosa protein 2 (RP2) at 2.1 Å was retrieved from the PDB, (PDB ID: 2BX6) (Kuhnel et al., 2006) , consisting of 350 amino acids.
Preparation of target protein
Using protein preparation wizard of Glide (Schrödinger suite version 9.3) running on red hat enterprise linux 5 (RHEL 5) workstation, the protein was prepared. Firstly, water molecules were removed from the crystallographic structure followed by addition of hydrogen atoms. All atom charges and atom types were assigned. Finally, energy minimization and refinement of the structure was done up to 0.3 Å RMSD by applying OPLS-2005 force field. The optimized target protein was employed for docking studies.
Preparation of ligands
The ligand files were acquired from the NCBI pubchem database that include cyanidin 3,5 diglucoside (CID 441688), delphinidin 3,5 glucoside (CID 10100906), malvidin 3,5 diglucoside (CID 441765), petunidin 3,7diglucoside (CID 44256973), peonidin 3,5-diglucoside (CID 44256843) and valproic acid (CID 3121) Ligprep protocol (Ligprerp, 2005) was used for minimization of the ligands (Figure 1 ). The default parameters included: Ionizers, generating tautomers, generating possible conformers at pH 7 with OPLS_2005.1 force filed Figure 1 : The optimized ligand molecules (1 Cyanidin 3,5 diglucoside, 2 Delphinidin 3,5 diglucoside, 3 Peonidin 3,5 diglucoside, 4 Malvidin 3,5 diglucoside, 5 Petunidin 3,5 diglucoside, 6 Valproic acid) thereby achieving the correct protonated state for each ligand used.
Prediction of active sites
SiteMap (Halgren, 2009 ) is a robust program that analyses the characteristic features of binding sites by following steps: A thorough initial search step results in identification of one or more regions on the receptor surface which facilitates binding of the ligand with receptor. Hydrophobic and hydrophilic maps are generated, the latter is further dispersed as donor, acceptor and metal binding regions. Each identified site is assessed by calculation of SiteScore involving physical parameters comprising of volume, site size, exposure/ enclosure hydrophilic, hydrogen bond donor/acceptor isosurfaces, enclosure/exposure are used to characterize the binding pockets. Generally a good SiteScore of a binding site is 1.0 (Lauria et al., 2009) . SiteScore, the scoring function, accurately ranks the site with highest score determines the drug-ability. Therefore the binding sites of the RP2 protein were identified using SiteMap.
Receptor grid generation and binding site prediction
Prior to docking, receptor grid generation is an essential step. Co-crystallized ligand was excluded from the crystallized RP2 protein. Centroid of the residues, predicted by SiteMap was defined as the grid box. Van der waals scaling factor 1.00, charge partial cutoff 0.25 and OPLS_2005 force filed were default parameters used for grid generation.
Molecular docking studies
The six ligands prepared by ligprep were docked into the active sites of RP2 target using the "extra-precision" (XP) mode of the Glide docking program (Maestro version 9.3). Improved sampling methods and extended ChemScore (Eldridge et al., 1997) function are the characteristic features of Glide-XP. The protocol facilitates docking by ligand flexibility and generation of multiple conformers within the rigid receptor. Maestro Ligand interaction 2-D diagram was used to understand the interaction between the inhibitors and RP2. Best conformation for each ligand was chosen based on the lowest glide score (Gscore). Ligands that form hydrogen bonds with at least one active site of the target protein with a good binding affinity analyses the final Gscore.
Rescoring using Prime MM-GBSA
Binding affinity of the ligand with the receptor was further estimated using Prime MM-GBSA method (Prime, version 3.1). The ligand that had the lowest Gscore (cyanidin 3,5 diglu-coside) was rescored. Minimization of the complex was performed using optimization option in Prime. By applying OPLS-AA force field and generalized-Born surface area (GBSA) continuum solvent model, the binding free energy of the docked pose (Pearlman, 2005) was calculated with: ΔGbind = G(PL)-G(P)-G(L), PL= protein-ligand complex P= Protein, L= Ligand.
Results and Discussion
The prepared target RP2, subjected to SiteMap analysis yielded five active sites. Based on the sitescore, site 1 was chosen for performing the molecular docking studies (Table I) . The active sites predicted by SiteMap are Gln 149, Ala 193, Asp 255, Leu 264, Ile 223 and Glu 191. The prediction of potential active sites plays a major role in structure based drug discovery. SiteMap is one of the reliable and high performance methods to predict the active sites in a protein (Halgren, 2009 ) and also provides an insight into the inhibitor-target interactions.
In silico docking results of the five anthocyanin inhibitors and valproic acid conducted using Glide-XP protocol is depicted in Table II . The quest for novel compounds as inhibitors for treating diseases is the fundamental of drug discovery and development. However, the time and cost involved in the drug discovery process is cumbersome (Dimasi et al., 2003) . Therefore, structure based drug design has gained importance which is facilitated through computational docking studies employing programs such as GLIDE docking. In our present study, the inhibitors were ranked based on the glide XP Gscore, glide energy and glide emodel scores. Among the inhibitors docked around the active site of RP2, cyanidin 3,5 diglucoside displayed a high glide XP score of -12.6 kcal/mol, glide energy of -64.3 kcal/mol and a glide emodel score of -88.3 kcal/mol. Residues -Residues Leu 264, Ile 223, Ser 219, Arg 251, Asp 255, Ala 193, Gln 149 were found strongly interacting with the compound. An increased interest in cyanidin 3,5 diglucoside is due to its promising health benefits related to vision (Matsunaga et al., 2009) . Delphinidin 3,5 diglucoside generated a glide XP score of -12.6 kcal/mol, with a glide energy and glide emodel score of -67.3 and -92.7 kcal/mol respectively. The glide XP Gscores of peonidin 3,5 diglucoside, malvidin 3,5 diglucoside and petunidin 3,7 diglucoside were -11.7, -8.7, -7.5 kcal/mol and the glide energies, glide emodel scores were moderate. However, the five inhibitors we docked with the target RP2, formed hydrogen bonds with all the active site residues (Figures 2-6 ).
Valproic acid interacted with a Arg 78, a non-active site residue forming one hydrogen bond. The glide XP Gscore, glide energy and glide emodel scores (-1.7, -13.8 and -11.9 kcal/mol) were comparatively very less when compared with the natural anthocyanin compounds we docked (Figure 7) . The insignificant scores exhibited by valproic acid indicate that it is an unsuitable inhibitor for X-linked retinitis pigmentosa. Possible therapeutic effects of several fruits including berries accounts to the high content of flavonoids, in particular anthocyanins, have been well documented by researchers throughout the world (Kong et al., 2003; Byamukama et al., 2005) .
The docking score of the anthocyanins were further improved using the rescoring performed by Prime MM-GBSA binding free energy calculations (ΔG). Results of binding energy for the compound with lowest Gscore is depicted in Table III. Role of cyanidin 3-glucoside in improving vision has been studied by various workers (Nakaishi et al., 2000; Tripula et al., 2009) . In this study, cyanidin 3,5 diglucoside identified from the S. cumini fruit peel, strongly binds with the RP2 protein followed by other anthocyanin compounds. Precisely, anthocyanins are abundantly found in berries and their benefits to human health are widely explored (Szajdek et al., 2008) . The fruit peel of S. cumini was shown to contain anthocyanins (Veigas et al., 2007) .
The reliable binding free energy obtained indicates the efficacy of cyanidin, 3,5 diglucoside as a potent inhibitor for RP2. In general, regular consumption of fruits provides immense health benefits against degenerative diseases, especially in age related macular degeneration (Scharrer and Ober, 1981) . Few recent studies have shown the efficacy of anthocyanins in treating inflammatory and neurogenerative diseases (Jeong et al., 2013) . Recently, (Miyake et al., 2012) retinal inflammation affecting vision was treated with anthocyanins from bilberry extracts. Purified anthocyanins in clinical trials were demonstrated to improve ocular health (Lee et al., 2011) . Vision loss caused by mutations in the RP2 gene has no effective treatment till date. Substantial interest in anthocyanins corresponds to their therapeutic benefits. Therefore, we docked five anthocyanins into the predicted active sites of RP2 drug target.
Conclusion
The molecular docking and binding free energy obtained in this study suggests that cyanidin 3,5 diglucoside could be a potent inhibitor in the treatment of X-Linked retinitis pigmentosa.
